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1.  INTRODUCTION 

During  the  1975-76  winter  season  AFGL’s 
5.4  cm  wavelength  Porcupine  Doppler  radar  was 
used  to  observe  New  England's  usual  variety  of 
strati  form- type  storms.  By  using  a Pulse  Pair 
Processor  (Novick,  et  al.,  1975)  and  color  dis- 
plays (Jagodnik,  et  al.,  1975)  we  were  able  to 
view  each  storm  in  real  time  with  up  to  102**  ad- 
jacent 1 ps  range  gates.  Once  we  were  able  to 
overcome  our  awe  of  the  beautiful  PPI  patterns 
that  we  were  seeing,  our  goal  became  the  under- 
standing of  these  patterns,  at  least  in  the  broad- 
est sense,  for  possible  real-time  use  (see  color 
plate) . 

PPIs  showing  radial  velocity  components  were 
routinely  taken  at  several  selected  elevation 
angles.  Since  altitude  increases  with  increasing 
range  when  the  antenna  is  tilted,  each  PPI  shows 
a three  dimensional  picture  of  environmental  wind 
components  combined  into  one  display.  In  other 
words,  the  PPI  color  display  shows  a large  number 
of  VAD-type  (Velocity  Azimuth  Display)  patterns 
(see:  Lhermitte  and  Atlas,  1961;  Browning  and 
Wexler,  1968)  simultaneously,  where  altitude  is  a 
function  of  range. 

2.  PPI  APPEARANCE  OF  HYPOTHETICAL  WIND  PROFILES 

The  following  is  a discussion  of  Figures  1 
through  6,  which  depict  six  arbitrary  vertical 
profiles  as  they  would  appear  on  a single  Doppler 
radar  PPI  display.  Each  figure  shows  a combina- 
tion of  hypothetical  speed  and  direction  profiles 
which  are,  by  definition,  horizontally  homogeneous. 
Figure  1,  for  example,  represents  the  appearance 
of  the  simplest  wind  regime,  where  direction  and 
speed  remain  constant  with  height.  The  contours 
are  velocity  components  (usually  expressed  in 
m sec“i)  with  the  railroad  track  representing  the 
0 m sec_l  contour.  The  0 m sec-1  contour  repre- 
sents the  locus  of  points  where  the  radar  beam  is 
oriented  perpendicular  to  the  wind  direction,  a 
fact  that  makes  this  contour  quite  handy  for  deter- 
mining the  azimuthal  plane  of  the  wind  direction 
at  any  point  on  the  contour.  If  the  top  of 
Figure  1 is  north,  then  the  radar  sees  a 0 m sec“l 
component  of  the  wind  speed  when  it  is  pointed  at 
30°  and  210°  azimuth.  At  these  azimuths,  then, 
the  radar  beam  is  pointed  perpendicular  to  the 
wind  direction  at  all  ranges  (and,  therefore,  at 
all  heights).  The  magnitude  of  the  observed  wind 
component  increases  (as  a sine  function)  as  the 
radar  points  away  from  30°  and  210°,  until  it 
reaches  a maximum  value  after  a 90°  change  in 
azimuth,  i.e.,  at  120°  and  at  300°.  At  these 
azimuths,  the  radar  beam  is  oriented  parallel  with 
the  wind  direction  and,  therefore,  sees  a component 
equal  in  magnitude  to  the  actual  wind  speed.  Based 
on  these  observations,  it  must  be  concluded  that 
the  wind  is  coming  from  either  120°  or  300°  azimuth, 
throughout  the  height  range  covered  by  the  PPI  (The 


extent  of  the  height  range  is,  of  course,  deter- 
mined by  the  elevation  angle  and  maximum  range  of 
the  PPI . ) . We  can  tell  from  the  Doppler  radar  data 
whether  the  measured  velocity  component  is  directed 
toward  or  away  from  the  radar.  If  that  information 
were  indicated  on  Figure  1,  then  the  direction  of 
the  wind  can  be  determined.  The  convention  used 
is  for  motion  away  from  the  radar  to  be  indicated 
by  positive  components,  and  motion  toward  the  radar 
by  negative  components.  If  we  arbitrarily  decide 
that  in  Figure  1,  the  area  to  the  right  of  the 
railroad  track  (0  m sec”l  contour)  is  negative 
(toward  the  radar),  then  we  know  that  the  wind  is 
coming  from  120°  at  all  altitude  levels.  If  the 
contour  intervals  are  defined  then  we  know  the  wind 
speed. 

Figure  2 is  similar  to  Figure  1 in  that  the 
0 m sec“l  contour  is  straight.  This,  again  indi- 
cates a constant  wind  direction  with  increasing 
height.  The  other  contours,  however,  are  now 
oriented  essentially  parallel  with  the  0 m sec--*- 
contour.  This  configuration  results  from  a wind 
speed  increasing  with  height.  When  the  radar  is 
looking  along  a radial  perpendicular  to  the  contours,  v 
it  is  looking  upwind  or  downwind.  So  in  this  case, 
as  in  the  first,  the  wind  direction  lies  along  the 
120°  - 300°  plane. 

Figure  3 is  also  a constant  direction  situation, 
as  seen  immediately  by  the  straight  0 m sec“i 
contour.  The  speed  increases  with  height  through 
half  of  the  altitude  interval,  and  then  decreases 
the  exact  same  amount  by  the  time  it  reaches  the  top 
(or,  the  farthest  range).  Each  set  of  closed  con- 
tours is  centered  around  the  point  of  maximum  wind- 
speed.  Again,  the  wind  direction  is  along  the 
radials  Which  are  perpendicular  to  the  contours 
(120°  - 300°,  again). 

Figures  4 through  6 are  analogous  to  Figures  1 
through  3 respectively.  The  only  difference  is  the 
change  in  the  behavior  of  the  wind  direction. 

Figures  1-3  had  a uni-directional  wind  structure; 
Figures  4-6  have  a veering  wind  with  height.  The 
0 m sec~l  contour  takes  on  an  "S"  shape  in  a veering 
wind  field.  The  reason  for  this  behavior  is  straight- 
forward. Remember  that  the  0 m sec-l  contour  repre- 
sents the  locus  of  points  where  the  radar  beam  is 
perpendicular  to  the  wind  direction.  Since  the 
direction  of  the  veering  wind  increases  in  azimuth 
with  increasing  height,  the  0 m sec“i  contour  will 
also  increase  in  azimuth  with  increasing  height  and, 
therefore,  with  increasing  range.  This  results  in 
the  "S"  shape  seen  in  the  figures.  The  0 m sec-1 
contour  in  a backing  wind  field  will  simply  have  a 
"backward  S"  shape  ( an  ) . 

The  other  velocity  component  contours  behave  in 
a way  similar  to  the  uni-directional  cases,  except 
that  they  acquire  the  curvature  forced  by  the  chang- 
ing of  the  wind  direction  with  height.  For  example. 
Figure  4 shows  a situation  where  the  wind  has  a 
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constant  speed  at  all  levels,  while  the  direction 
is  veering.  As  in  Figure  1,  the  contours  all  con- 
verge into  the  origin  of  the  display.  Figure  5 is 
similar  to  Figure  2 in  that  the  wind  speed  in- 
creases with  height.  The  wind  direction  at  any 
height  (a  function  of  range)  is  90°  from  the 
azimuth  of  the  0 m sec-!  contour  at  that  height. 
The  contours,  now  curved,  are  no  longer  parallel 
to  the  0 o sec-!  contour. 

Figure  6 is  similar  to  Figure  3,  except  for 
the  curvature  created  by  the  veering  wind  direc- 
tion. 

3.  RAWINSONDE  CONVERTED  TO  RADIAL  VELOCITY  PPI 

DISPLAY 

In  this  section  we  will  see  that  rawinsonde 
data  displayed  as  a radial  velocity  PPI  will 
appear  as  a combination  of  some  of  the  hypotheti- 
cal wind  fields  described  in  Section  2.  A rawin- 
sonde was  launched  on  16  March  1976  at  203k  EST, 
during  a "Northeaster"  snow  storm.  Wind  speed 
and  direction  were  obtained  for  every  100  meters 
of  the  ascent  up  to  the  300  mb  level,  which  was  at 
an  altitude  of  8836  meters.  The  task  is  to  trans- 
form this  information  into  a PPI  display.  A 2° 
elevation  angle  is  used  for  this  example.  Table  I 
shows  a breakdown  of  the  wind  data  from  the  rawin- 
sonde.  The  first  two  columns  indicate  the  range 
from  the  origin  and  the  height  at  which  a 2°  ele- 
vation angle  will  Intersect  that  range.  Inter- 
polation of  the  rawinsonde  data  provides  values  of 
'wind  speed  and  direction  at  these  heights. 

Table  I 


350  m.  This  structure,  with  only  a slight  amount 
of  veering  extends  to  about  25  km  range  on  the 
figure,  or  up  to  about  900  m height.  Above  this, 
the  profile  veers  at  an  average  rate  of  1°  for 
every  8 m altitude,  or  about  k°  for  every  km  range 
in  the  figure.  Hie  closed  contours  in  the  figure 
give  it  the  appearance  of  the  pattern  in  Figure  6 
(veering  wind,  increasing  then  decreasing  speed). 

A check  with  the  data  in  Table  I reveals  the  fact 
that  this  is,  indeed,  the  case.  Only  two  of  the 
3ix  contours  on  each  side  of  the  0 m sec-!  contour 
are  closed  because  the  decrease  in  wind  speed  is 
not  the  same  amount  as  the  increase  that  occurred 
at  lower  levels. 

Figure  A of  the  color  plate  is  a picture  of  the 
color  display  at  2.1°  elevation  angle,  2032  EST, 
two  minutes  before  the  rawinsonde  was  launched. 

The  pattern  is  almost  identical  to  the  rawinsonde 
PPI  pattern,  and  any  dissimilarities  are  most 
likely  due  to  the  slight  difference  in  effective 
elevation  angle.  For  example,  the  veering  begins 
closer  to  the  center  of  the  display  in  the  radar 
picture  because  the  beam  Is  higher  than  the  trigo- 
nometrically derived  2°  rawinsonde  PPI  scan. 

The  color  PPI  generally  shows  a homogeneous 
wind  pattern  through  the  scanned  volume.  Varia- 
tions due  to  convergence,  deformation,  or  particle 
fallspeed,  are  not  picked  up  in  real  time,  for  they 
are  difficult,  or  impossible  to  see  on  the  color 
display  unless  they  are  larger  than  is  usually  the 
case  in  a stratiform  storm. 

k.  TIME  AND  HEIGHT  CHANGES  OF  RADIAL  VELOCITY  PPI 

DISPLAY 


Range 

Ht. 

Dir. 

Speed 

of  the  PPI  display  taken  at  2032  (16  March)  and 
010k  (17  March),  approximately  k.5  hours  apart. 

(km) 

(m) 

(°) 

(ra  sec~l) 

Both  are  low  elevation  angle  scans  (2.1°)  showing 

2 

70 

OkO 

3.2 

low-level  wind  flow.  The  colors  represent  wind 
speed  component  on  a scale  from  1 to  99.  The  por- 

1* 

iko 

okk 

6.0 

tion  of  the  scale  above  50  (green  to  red)  indicates 

6 

209 

0k5 

8.8 

motion  away  from  the  radar  with  speed  increasing 

8 

279 

ok6 

11.6 

toward  higher  numbers  (reds).  The  portion  below 

10 

3k9 

0k9 

lk.k 

50  (white,  and  blue  to  purple)  represents  motion 

12 

kl9 

050 

16.7 

toward  the  radar  with  speed  increasing  toward  lower 

lk 

k89 

053 

18.5 

numbers '(purples) . The  number  50  corresponds  to 

16 

558 

05k 

19.8 

0 m sec-!.  The  black  band  between  k7  and  53  on  the 

18 

628 

058 

21.3 

scale  is  the  0 m sec-!  band.  The  top  and  bottom 

20 

698 

062 

22.3 

ends  of  the  scale  are  22  m sec-!  away  from  and 

22 

768 

065 

23.0 

towards  the  radar,  respectively.  For  example: 

2k 

838 

065 

23.7 

77  means  27/50  x 22  m sec-!,  or  11.9  m sec-!  away 

26 

907 

067 

23.1 

from  the  radar,  and  07  means  k3/50  x 22  m sec-!,  or 

28 

977 

072 

21.7 

18.9  m sec-!  towards  the  radar. 

30 

10k7 

082 

20.3 

32 

1117 

090 

18.9 

In  Figure  A of  the  color  plate,  the  flow  near 

3k 

1187 

100 

17.8 

the  first  range  ring  is  from  the  northeast.  There 

Figure  7 shows  a radial  velocity  PPI  constructed 
from  the  data  in  Table  I.  Note,  first,  that  the 
0 m 3ec~l  contour  assumes  ar.  "S"  shape,  but  that 
its  curvature  varies  with  range,  with  the  greatest 
curvature  at  the  larger  ranges,  and  with  little  or 
no  curvature  closer  to  the  origin.  This  is  an  indi- 
cation of  the  tendency  of  the  wind  field  to  be 
almost  uni-dlrectional  at  lower  levels,  before  it 
begins  to  veer  sharply.  The  pattern  within  the 
first  10  km  of  range  has  the  appearance  of  the 
pattern  in  Figure  2 (constant  direction,  increas- 
ing speed),  which  reflects  the  vertical  structure 
depicted  by  the  sounding  up  to  a height  of  about 


is  a wind  speed  maximum  at  about  70°  azimuth  and 
20  km  range.  Some  red  is  seen  in  the  purple  region. 
This  is  a result  of  aliasing,  which  occurs  when  the 
speed  is  greater  than  the  ± 22  m see-!  unambiguous 
velocity  range  of  the  radar.  Me  call  it  a "flip- 
over."  From  Table  I,  it  can  be  seen  that  the  maxi- 
mum low-level  wind  occurred  at  around  this  height 
and  had  a value  of  23-7  m sec-!,  which  is  just  over 
the  22  m sec-!  of  the  display. 

By  010k , Figure  B,  the  storm  center  had  passed 
to  the  northeast  of  the  area,  and  the  low  level  flow 
had  backed  to  the  west  of  north.  The  "S"  is  now  on 
its  side,  and  the  speed  maxima  have  shifted  about 
70°  counterclockwise.  The  maximum  speed  has 
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Figure  1. 


Figure  2. 


CONSTANT  DIRECTION 
INCREASING,  DECREASING  SPEED 


Figures  1 - 3 . Three  arbitrary  vertical  profiles 
of  hypothetical  wind  fields  as  they  would  appear 
on  a PPI  display  of  mean  velocity  component.  The 
railroad  track  represents  the  0 m sec--'-  contour. 
In  all  three  figures,  the  wind  direction  is  con- 
stant with  height.  Each  figure  has  a brief 
description  of  the  speed  profile  it  represents. 
For  a complete  interpretation  of  the  information 
contained  in  these  figures,  please  see  the  text. 


Figure  3. 
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VEERING  DIRECTION 
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VEERING  DIRECTION 
INCREASING,  DECREASING  SPEED 


Figure'!  h - 6 . These  are  similar  to  Figures  1-3. 
In  these  figures,  however,  the  wind  direction  veers 
with  height,  forcing  a change  in  the  appearance  of 
the  patterns.  The  text  contains  a full  explanation 
of  these  figures . 


Figure  5- 
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Figure  7.  Radial  velocity  PPI  constructed  from 
the  data  in  Table  I.  A U m sec-1  contour  is  ad- 
jacent to  the  0 m sec-1  contour.  The  interval  for 
the  remaining  contours  is  3.5  m sec-1.  The  minus 
sign  is  located  at  an  inbound  speed  maximum 
(23.7  m sec-1).  At  the  plus  sign,  the  maximum  is 
outbound . 
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decreased  to  Just  under  22  m sec-1. 

Figure  C on  the  plate  is  u 7.9°  elevation 
angle  scan  taken  earlier  during  the  storm,  at 
1608  EST.  The  pa*tern  represents  the  radar's  view 
of  the  veering  wind  field  up  to  about  4400  m alti- 
tude. Recall  that  the  plane  of  the  wind  is  always 
perpendicular  to  the  azimuth  at  which  the  radar 
beam  intersects  the  0 n sec~l  contour  (the  black 
band  running  through  the  origin).  The  direction 
in  that  plane  can  be  determined  by  using  the  color 
scheme  to  differentiate  motion  toward  the  radar 
from  motion  away  from  the  radar  according  to  the 
procedure  explained  before.  So,  we  see  that  at 
low  levels  (within  about  8 km  range)  the  wind  is 
from  the  east  arid  southeast  with  values  reaching 
about  20  m sec'l  maximum  at  around  7 km  range 
(or  950  m height).  Higher  up  the  wind  becomes 
southwesterly.  At  these  levels  the  wind  speed 
exceeds  the  unambiguous  velocity  range  of  the  dis- 
play. As  before,  we  experience  a "flip-over"  from 
red  to  purple  and  vice-versa.  For  example,  look- 
ing to  the  south,  we  quickly  pass  through  the 
colors  below  50  on  the  scale  and  then  we  see  reds, 
yellow  and  gray.  The  gray  area  represents  motion 
of  about  35  m sec”1  toward  the  radar,  a mid-level 
speed  maximum  from  the  SSW.  Above  this,  the  speed 
decreases  again  until  we  run  out  of  echo. 

5.  SUMMARY  AND  APPLICATIONS 

If  a Doppler  radar  is  to  be  used  during  the 
seasons  when  strati  form- type  precipitation  is  ex- 
pected, then  a guide  to  the  interpretation  of  data 
acquired  over  a large  range  interval  is  most  use- 
ful. Obviously,  we  do  not  suggest  replacing  rawin- 
sondes  with  Doppler  radars,  but  this  quick  indica- 
tion of  the  flow  field  is  intriguing  to  work  with 
in  real  time,  as  well  as  beautiful  to  behold. 

A value  of  contemplating  the  PPI  display  of 
widespread  storms  is  that  it  gets  one  geared  to 
observing  apparent  velocity  shear  in  situations 
where  the  displayed  shear  is  a result  of  either: 

(1)  changes  in  radar  beam  viewing  single,  or  (2)  a 
flow  field  with  vertical  veer  or  shear,  or  both. 

The  PPI  displays  can  be  readily  interpreted  by 
considering  the  behavior  of  the  0 m sec--'-  contour 
to  derive  information  on  the  wind  direction,  and 
the  pattern  of  the  other  contours  to  get  informa- 
tion on  wind  speed. 

The  real-time  interpretation  of  these  displays 
does  not  enable  one  to  ascertain  all  of  the  infor- 
mation that  can  be  obtained  from  VAD  techniques 
(i.e.,  convergence,  deformation,  particle  fall 
speeds).  Therefore,  it  is  not  possible  to  draw 
conclusions  on  the  homogeneity  of  the  observed 
wind  fields  unless  some  radical  departures  from 
homogeneity  are  observed. 

Perhaps  the  final  thought  that  we  would  like 
to  leave  with  the  reader  is  the  hypothesis  that 
certain  characteristics  of  widespread  storms  appear 
in  convective  storms  displayed  on  the  color  PPI. 

In  other  words,  a certain  amount  of  what  appears 
to  be  "horizontal  shear”  in  convective  storms  can 
be  explained  by  considering  the  Doppler  radar  view- 
ing angle  and  the  vertical  wind  shear  of  the  en- 
vironment. Parts  of  the  convective  pattern  repre- 
sent segments,  or  portions,  of  the  widespread  storm 
picture,  with  much  of  the  convective  activity  con- 
sisting of  echoes  with  the  environmental  wind  just 


flowing  through.  These  would  appear  as  pieces  of 
0 stratiform-type  velocity  display,  as  though  a 
cookie-cutter  had  lifted  them  out  (K.aus,  1974). 

These  "flow-through"  echoes  are  not  likely  to  be 
severe  since  they  have  no  circulation  of  their  own. 

A knowledge  of  the  characteristics  of  the  environ- 
mental wind  field  combined  with  a look  at  the 
radial  velocity  fields  in  these  echoes,  might  make 
the  problem  of  severe  weather  forecasting  a bit 
easier. 

6 . ACKNOWLEDGEMENTS 

The  authors  are  grateful  to  the  members  of 
AFGL's  Weather  Radar  Branch  who  stayed  up  all 
night,  through  the  most  recent  in  a series  of 
St.  Patrick's  Day  snowstorms,  in  order  to  collect 
data.  Our  thanks  also  go  to  the  people  at  the 
Atmospheric  Science  Laboratory,  Maynard  Meteoro- 
logical Team,  who  provided  the  . iwinsonde  data 
used  in  this  study,  and,  as  a result,  were  periodi- 
cally out  in  the  snow  until  about  1 AM.  June  Queijo 
did  an  excellent  job  of  manuscript  preparation  and 
Pio  Petrocchi  took  the  color  photographs  on  the 
plate. 

7 . REFERENCES 

Browning,  K.  A.  and  R.  Wexler,  1968:  The  determina- 

tion of  kinematic  properties  of  a wind  field 
using  Doppler  radar.  J.  Appl.  Meteor.,  7, 
105-113. 

Jagodnik,  A.  J. , L.  R.  Novick  and  K.  M.  Glover, 

1975 : A weather  radar  scan  converter/color 

display.  Preprints  16th  Radar  Meteor.  Conf. , 
Boston,  Amer.  Meteor.  Soc.,  14-20. 

Kraus,  M.  J.,  1974:  Doppler  radar  investigation 

of  flow  patterns  within  thunderstorms.  AFCRL- 
TR-0290 , Environmental  Research  Papers , 

No.  481,  86  pp.  See  Section  6,  p. 37-45- 

Lhermitte,  R.  M.  and  D.  Atlps,  1961:  Precipitation 

motion  by  pulse  Doppler.  Proc.  Ninth  Weather 
Radar  Conf.,  Boston,  Amer . Meteor.  Soc., 

218-223. 

Novick,  L.  R.  and  K.  M.  Glover,  1975:  Spectral 

mean  and  variance  estimation  via  pulse  pair 
processing.  Preprints  16th  Radar  Meteor.  Conf. , 
Boston,  Amer.  Meteor.  Soc.,  1-5. 


4 

i 


J 


243 


A NOTE  ON  THE  COLOR  DISPLAY 


I 


The  Porcupine  Doppler  radar  was  operating  at 
a pul3e  repetition  frequency  of  1 -13  pp3.  The 
maximum  range  we  could  see  was  I02L  eell3  times 
1 us  per  cell,  or  77  km.  Our  display  was  operating 
on  a "close-up"  mode  since  we  were  not  seeing 
precipitation  out  to  the  maximum  range.  An  ex- 
planation of  the  housekeeping  data  follows: 


EL  02.1  - 2,1°  elevation  angle 

RM  = 16  - 16  km  range  markers 

T076:  - 76th  day  of  the  year,  or  16  March 

20:32  - 8:32  PM,  EST 


Our  maximum  unambiguous  velocity  range  while 
operating  at  1613  pps  is  t 22  m sec-*,  with  + 
indicating  motion  away  from  the  radar  and  - 
indicating  motion  towards  the  radar.  The  threshold 
values  may  be  defined  in  terms  of  speed  according 
to  the  following  table: 


Velocity 

Velocity 

Threshold 

( unambiguous ) 

("flip-over") 

Value 

m 

sec-1 

m 

sec"1 

99 

■f 

21.6 

22.lt 

93 

+ 

18.9 

- 

25.1 

85 

+ 

15.lt 

- 

28.6 

77 

+ 

11.9 

- 

32.1 

69 

+ 

8. U 

- 

35.6 

6l 

+ 

It. 8 

- 

39.2 

53 

+ 

1.3 

- 

U2.7 

U7 

- 

1.3 

+ 

1(2.7 

39 

- 

It. 8 

+ 

39-2 

31 

- 

8. It 

35.6 

23 

- 

11-9 

+ 

32.1 

15 

- 

15.lt 

•f 

28.6 

07 

- 

18.9 

+ 

25.1 

01 

- 

21.6 

+ 

22. It 

The  values  in  this  table  are  valid  only  for 
the  unambiguous  velocity  interval  defined  by  the 
choice  of  1613  pps  for  our  5 .**5  cm  Porcupine 
Doppler  radar. 


We  have  the  freedom  to  choose  four  different 
PRFs:  39**,  79^,  1613,  and  3333.  The  choice  we 

make  depends  on  the  current  weather  in  our  vicinity. 
One  must  keep  in  mind  that  there  is  the  inevitable 
trade  off  of  range  with  unambiguous  velocity  range; 
if  we  increase  the  PRF,  we  can  get  a greater  unam- 
biguous velocity  range  at  the  expense  of  maximum 
viewing  range . Fortunately,  the  color  display 
provides  us  with  a certain  freedom  of  choice  of 
range  displayed  and  origin  location.  This  free- 
dom enables  us  to  zero  in  on  points  of  interest  for 
maximum  real-time  viewing  value. 


ANALYSIS  OF  AN  ASYMMETRIC  DOPPLER  VELOCITY  PATTERN 


Ralph  J.  Donaldson,  Jr.,  Rosemary  M.  Dyer , Michael  J.  Kraus , 
and  JamtsF.  Morrissey 
Air  Force  Geophysics  Laboratory 
Hanscom  AFB,  Massachusetts  01731 


1.  A PUZZLING  PATTERN 

Following  the  development  and  installation  of 
a Pulse  Pair  Processor  (Novick  and  Glover,  1975) 
and  a color  display  (Jagodnik  et  al.,  1975)  for 
analysis  and  presentation  of  Doppler  spectral 
moments,  we  have  routinely  acquired  velocity  pat- 
terns in  all  available  storms,  using  the  5.5-cm 
Porcupine  Doppler  radar.  The  usual  procedure  for 
taking  data  requires  the  antenna  to  scan  in  azimuth 
at  a constant  elevation  angle.  After  each  complete 
rotation,  the  antenna  elevation  is  stepped  up  to 
a new  value.  The  elevation  increments  are  general- 
ly 1°,  commensurate  with  the  antenna  half-power 
boamwidth  of  0.9°,  but  often  larger  increments  are 
used  above  an  elevation  of  10°.  The  output  of  the 
Puls-  Pair  Processor,  containing  information  on 
r-flectivity , velocity  mean,  and  velocity  variance 
in  each  resolution  cell,  is  recorded  on  tape  for 
subsequent  analysis  and  is  presented  in  real  time 
on  the  color  display  in  PPI-format.  The  color 
display  of  data  taken  at  any  elevation  angle 
above  0°  is  not,  strictly  speaking,  a plan  view  of 
the  storm.  It  is,  instead,  a conical  surface  with 
apex  at  the  radar,  slicing  across  the  storm  at 
heights  defined  by  range  and  elevation  angle. 

The  summer  of  1975  in  eastern  Massachusetts 
was  notable  for  its  scarcity  of  severe  thunder- 
storms and  for  occasional  intrusions  of  widespread, 
winter- type  precipitation.  A small  coastal  north- 
easter, a weak  cousin  of  the  producers  of  heavy 
winter-time  snow  along  the  Atlantic  seaboard, 
visited  our  area  briefly  during  the  morning  of 
August  7.  Precipitation  was  light,  with  an  average 
rate  of  only  0.6  mm/hr,  but  was  sufficient  to 
provide  detectable  tracers  of  velocity  for  our 
Doppler  radar.  The  storm  was  scanned  in  ^-incre- 
ments of  elevation  angle  from  1°  to  10°. 

A photograph  of  the  velocity  pattern  at  eleva- 
tion 8°,  displayed  in  color,  is  reproduced  as 
Figure  D of  the  color  plate  in  the  preceding  paper 
by  Kraus  and  Donaldson.  As  in  the  other  figures  of 
this  plate,  the  colors  represent  contours  of 
velocity,  in  accordance  with  the  scale  on  the  right 
of  the  photograph,  ranging  from  +22  m/s  away  from 
the  radar  (red),  down  through  yellows  and  greens 
to  black  (±  1.3  m/s)  and  on  to  negative  velocities, 
toward  the  radar,  represented  in  succession  by 
white,  ever-deeper  shades  of  blue,  and  finally 
purple  indicating  velocities  up  to  -22  m/s.  The 
narrow  black  band  separating  advancing  and  receding 
velocities  not  only  eliminates  the  stationary 
ground  clutter,  but  also  serves  as  an  indicator  of 
locations  where  motions  within  the  storm  are  normal 
to  the  radar  beam.  The  two  range  rings  are  located 
at  l6  and  32  km. 

The  puzzling  feature  of  Figure  D,  and  its  neigh- 
bors at  nearby  elevation  angles,  is  the  asymmetry 


of  the  color  patterns.  Maximum  positive  and  negative 
velocities  are  sensed  by  the  Doppler  radar  when  its 
antenna  beam  is  pointing  downwind  and  upwind.  In  a 
horizontally  homogeneous  wind  field,  archetypical  of 
widespread  stratiform  storms,  we  would  expect 
Doppler-sensed  velocities  to  decrease  uniformly  on 
either  side  of  a maximum,  in  accordance  with  the 
cosine  of  the  directional  change  of  the  beam  from 
the  velocity  maximum.  Curiously,  though,  Figure  D 
shows  a concentration  of  velocity  contours  near 
each  peak,  but  each  has  a long  tail  trailing  clock- 
wise. The  pattern  resembles  the  Yin-Yang  symbol  of 
Chinese  cosmology,  or,  in  a less  traditional  orienta- 
tion, two  tadpoles  chasing  one  another  in  a circle. 

2.  SOLUTION  OF  THE  PUZZLE  BY  FOURIER  ANALYSIS 

No  rawinsonde  winds  were  available  on  August  7, 
1975  for  comparison  with  the  Yin-Yang  Doppler  velo- 
city pattern.  Consequently,  we  generated  a wind 
field  from  the  recorded  velocity  data,  using  the 
precipitation  as  tracers  and  following  the  scheme 
for  Fourier  analysis  of  harmonics  developed  by 
Browning  and  Wexler  (1968).  Our  aim  was  not  only 
to  derive  a vertical  profile  of  average  wind,  but 
also  to  gain  some  knowledge  of  the  uniformity  of  the 
wind  at  each  height.  At  the  time  of  this  writing, 
the  harmonic  analysis  is  confined  to  a quasi- 
cylindrical  section  through  the  storm  with  a radius 
of  8.325  km  around  the  radar.  This  section  extends 
up  to  a height  of  1.1*5  km,  using  integral  values  of 
elevation  angle  from  1°  to  10°. 

Browning  and  Wexler  suggested  that  the  Fourier 
coefficients  of  order  0,  1,  and  2,  which  give  the 
horizontal  wind  field  properties  of  divergence,  mean 
wind  velocity,  and  deformation,  respectively,  may  be 
computed  with  sufficient  accuracy  by  summations  of 
Doppler  velocities  at  10°  intervals  of  azimuth. 
Accordingly,  we  sampled  the  velocities  at  36  equally- 
spaced  azimuths  around  the  scanning  circle,  for  each 
of  the  eight  elevation  angles  from  2°  through  9°. 

At  elevations  1°  and  10°  we  could  obtain  data  at 
only  30°  azimuth  intervals,  owing  to  a data  gap  at 
elevation  10°  and  several  places  at  1°  where  ground 
clutter  strongly  contaminated  the  precipitation  echo. 
At  these  two  extremes  of  the  elevation  angles  we 
computed  only  the  mean  wind  vector,  because  we  felt 
that  a 30°  azimuth  spacing  was  much  too  coarse  for 
meaningful  estimates  of  divergence  and  deformation. 

We  will  not  lay  out  the  computational  details  here; 
the  reader  who  may  be  interested  in  performing 
harmonic  analyses  of  Doppler  velocities  will  find  all 
the  instructions  he  needs  in  the  treatise  of  Browning 
and  Wexler. 

Estimates  of  divergence  using  Doppler  velocities 
acquired  at  elevation  angles  above  0°  are  contamina- 
ted by  a small  component  of  precipitation  fall  speed 
moving  toward  the  radar.  We  did  not  measure  the 
vertical  speed  of  the  raindrops,  but  on  the  basis  of 
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'3.  ABSTRACT 

^ A POL's  Porcupine  Doppler  radar  observed  several  New  England  winter 
storms,  both  snow  and  rain.  A pulse-pair  processor,  linked  to  a color  display, 
provided  contours  of  the  mean  velocity  structure  within  these  storms.  The  data 
were  recorded  on  digital  tape,  and  subsequently  played  back  on  the  color  display 
for  further  viewing  and  analysis.  Six  hypothetical  wind  fields  were  transformed 
into  PIT  pictures  analogous  to  those  produced  by  the  Doppler  radar.  They 
provided  a basis  for  interpreting  the  measured  wind  fields.  Rawinsondes 
launched  close  to  the  radar  site  provided  data  which,  when  similarly  transformed 
were  readily  comparable  to  the  radial  velocity  fields  generated  by  the  radar. 

The  characteristics  of  these  velocity  fields  are  discussed.  Reference  is  made 
to  individual  synoptic  situations,  their  change  with  time,  and  the  Doppler  radar's 
rxjrtraval  of  these  events.  


KEYWORDS:  Doppler  radar.  Radial  velocity  pattern,  Pulse  pair  processor. 
Color  display.  Wind  field 
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